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-ic dcvclop_-nt of rtations of tobacco mosaic virus by the chemical
tzicat.:ant of its nucleic acid -in vitro.

by X. 7. :undry and .a. Gierer.

Zcitschrift '. Vererbun slchro, 89: 614-630 (1958).

a) Prinry tests. For the purpose of qualitative orientation,

the vinaz .:'aich had been inactivated by several decimal pow,:ers by pro-
l.oned subjection to the effect of itrite was tested on "Java" and
"Xanthi" tobacco in a relatively high concentration. This is compared
-ith diluted, non-treated virus. Table 1 shows that virus treated with
ritiito in this manner causes a very great number of necrotic lesions on
Java tobacco, while non-treated virus of the same infectivity (established
on Janthi plants) develops only a few necroses on Java plants. Fig. 1 b
decjts a lcaf of Java tobacco inoculated with vulgare N1V treated for
oniy 20 minutes with nitrite. In addition to the chlorotic foci of in-
fection by vulgare, several necrotic foci are distinctly visible.

It shall be showm in the following that these necrotic lesions must
b, attributed to mutants which were generated by the chemical treatment

\K) of the virus or of RNA in vitro.

b) Quantitative analysis. For the purpose of quantitative analysis,
the tira of subjection to nitrite was varied and the remainn.g conditions
r ,cincd constant in the course of a time series. Table 2 contains such
a :::otc zeries for isolated RNI of T.V strain vulgare. It is evident
Ch-t the nascr of local necrotic lesions generated on Java tobacco at a

ztart Z.' concentration initially experiences a sharp rise and then
L-s i'-o further course of incubation. The fraction of necrotic

o .the total number of all foci of infection continues to

:cco'..iinZ to tests by Schuster and Schramm, inactivation i.ith
:.'t-ite occurs by the chemical alteration of individual nucleotides and,
---1thforo, orionentially with tima:

n =ne - (i)

(r. concentration of infectioui particles after time t; no
concentration of infectious particles at time t = 0).

Tiuo i. definos that time after which the number of infectiou.,
,'xrticlos h.ao dccreased to 1/c, i.e. to 37" of the original value. On
.,e Lhois of the series of dilutions, the corresponding concentration n
of infectious particles may be determined for each value of infectivity



fo1low;ing incubation i-.th nitrite. Time is then obtained according
to equation (1) by applying the log of the concentrition against the

. For exi ale, the inactivation curve in Fig. 3 is thus obtainod
on teo bsic of the metric values of table 2. It is evident that the

valu, maourod on xarnthi and Java tobacco yield a coazon curve and
support each other in this uauner. For the test tabuiated in table 2
and Figs. 2 and 3, a -"" of IS mn tcs is obtained.

If the induction of mutants is duo to chc:rical alteration of single
nuclaotides, as in the case of inactivation, and p mutagenic changcs of I
the searched-for phcnotypc (phacn) are obtained for each inactivation,
a linear increare in the fraction of mutanLs azong the 11survivingH virus
particles may be expected, according to the equation

tIV_ (2) 1

(m concentration of ncczotizing mutants). I
The total concentration of mutants, on the other hand, is obtained

by combining of equation (1) idth equation (2) to form1

t
tm - p '7 n ee -()- r

or, applied to the madmal value cf m

t

It is likely that equations (2) and (3) are valid only for a
._.-ed period of time t, since saturation effects are possible after

prolonged trcatir. nt with nitrite. Equation (5) wll represent the
approximate dcpcndence on the time factor of the necrotic lesions
devcloping due to the effect of i:trite, as long as the nutber of

necroses is nearly proportional to the concentration of mutants.

How;ver, if the mutations were duo to the simultaneous alteration

of several (nam.ely V ) nucleotides, then a relation of the following
type Lhould result:

2, a const, t ()

n

const. t e 6
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Torccin- oqu tiofsnu k it possibl.e to describe csr:et
c~.etdud ii.-la~r condcitions in a uniform -_,jner. Tha,, is done

by rcducin- all po-13its of mz;aLure 'Lo the time 'I- wh'corrCziponds- to
th iu ontizo -,' bain- -ncaziured irnccocrniently. T.. samie fraction

of cheni.,cally altercd 'bases in fl2.A correspornds to the ~acvalue t

in thi-'s i.znn: -a, n~iuc ,nt;3 tc.:c-r unde:r dif fe:rent crdtficrns nay b-,
c d. %, s dc-)ictecl by tho preccdin- cx-ie, Ot3',

e ab 1i- :C for everr ia.c1Sj-ies of me 'nnson zho baii o f
tho in~actitxr6ion curve. the ntnc r'L-bur of visible n.;crotic les iona -

a~~dto the orooan value -- ias dvtcrzirned for each
c;oein z sparately and in relation to timio. in Fig. 4 the values

thus n; are applied a ;aint t/and con-u)ired iith the theoretical
Curv-, Oceution. (4), of the one -hit -:%eoczion. There is favorable agree-
n c t . Thsapnlies both to the rare~t of vul-.arc TX.' and the ?hUA
i Zoetcd th x .from Vn : to dfcrznt conditions, adto the r.JL of~

st Eli (B). The deciaion in favor of the one-hit reaction is-
ou ,,orz_.d e~pestiully by the cLzccic ztartinZ values in coancct i*on
1~: L_ 0.1ort incabation tizcs-s. The linear rise of the cxsepri:nental values

-deviates here from the oaraboolic rise of the multi-hit curnve
L,- 4). in rig. 5 te fraction of the rnccrotizing floci of infcct-oon

Lig ne totalI numbser cf all foci on Java tobacco is entered in relation
to Tii .e, %wh;,re thae reduced ti~ae -k is again chosen as the unit of tire.

;Q-,too, t he initi-liy 2-ncar risc olf induced nccrotic leaionzs with
t>,corrcszornar.Z to the once-hit reaction, is evident. The subscu ent
tz. intheclUrVe L~ay possibly be ascribe;d to the indicated effect of

~t'~at~e. gtain li o -N also shows the lnear riso of the n,.crotic

T0'.on;cehtime. 1Y or the characteristic time t Zan approdate
ratio of 6, ::atants is found anong Vine "su1rivors" in the case of vuljare,
zand- about ZM- for B-1. In the evcnt the "plating efficiency" is not
chlanged by the m~utation, this corrosDonds to the relation p of the muta-
gni hist telt i its, according to equation (2). Sinc.e,

Lccu.-dir.; to 6chustor and ~c~aathe alteration of every singleo one of
alzum 3,D0 nucleotides Las a lethal effect, there would be 6%. in th a
c-.,c. o: -?2iA of strain vulgare, i.e. lEO nucleotides whose change would
lead to a "stant with the chiracteristic of Java necrosiis. The ante-

-idot of' th:is evaluation still requires experimental coalfireaUion,
ro.;.%ver.

7C- ofTie numecrous stri4ns doveloned by sckntarneous mutatwion from
%\a!Zare isolated in the a.eanwhile by Xelchers, characterized by

-::~ychlorotic lesions. ar.d light yellow secondary symptoms With

hL congrent course of the zrspni;Curves for ?Aand intact
vi rus already indicate that the al~o rcinof the virusz has no
dc-ejoLive influence on the retction's mechanism.

in order to confirm this, the rate of spontanecus nutatioi.
ncc~tisin; utants on Java totbacco u-us first det hi-n,;d I th 2 n.c

vul-are TI'N and infectious E.NA prepared from it. Tae two r~tes obtaie



a'C i-cntical (table 3). Toe cL.e test was conducted in another
r_'pcc'i:,,an vd'h nitrite-treated vulgare iose infuctivity had beon
reduced to about l/e of the original value (t approximately - C ).

iin, protein .-as removcd from " ourt of this nitritc-treatca virus by
*fourfoid s a.in. wth phenol; the IR11 obtained was tested as above.

4in the c-ase of this nitnite-reated virus, too, no differences between
thn -utation rates of izntact viru azid the ?LZ% s bz.quently prepared
f'. it .:cro notcd. The V;.. rates are icentical to each ouher, but

!i (cble d')'."' gcT cis Lh'is a h ~o d :f

-t~le 3). This ns t t the obLcrvod ffeoct i3 due to the influence
c.L nitrite on the X!A of tho virus, oxA that its quantitative result is

of the pre~cncc o.- virus p -otin.

c) The biological proof of the mutagcnic offect of nitrite in-
cubation. .-s the quantitative analysis indicates, the genesis of necrotic

'o.. , on Java leaves inducc -. 1t itr-itc followVs law3 that -uggest a
direct cheical, i.e. zutagcalc, alteration of FRK via single nucleotides.
In addition, it was necessary to provo the development of new strains as
c-iecncc of a 5oanaincly rautagcnic effec, . In this connection, the
s-a-4' b" ty of newly appearing characteri-tics, in particular, had to be
tozeod in transplanting exPex-Imants. l icn we Iad to examine whether, in
addition to thc primary -aUlity to necrotiza Java tobacco, other new
charact ristics appear in the arake of treatment vith nitrite.

Thes two problems were investigated in the course of an extensive
K inoculativa cx.-eriaxnt.

The principle of this exparinznt is the islation of individual
foci undcr conditions that preclude the possibility of subjective
selection, and the transfer of virus from these foci to plants ihose
syzptoms, following pathogenesis, permit the observation of as many
viral characteristics as possible. ;Je proceeded ith the groups ".NJA
incubated with nitrite for 96 minutes"l and dilution control Vith 0.19
KNA/al of the test suararized in table 2. The infectivity (according to
the number of necrotic lesions per Xanthi leaf) of both is nearly equal
a1 t'i nw.iber of necrotic lesions per lear (about 3) so low that foci of
infection may be isolated 'oith ease. They were cut out and homogenized
in tissue nicro-=ortars. Tre homogenate of each individual necrotic
lcsior was diluted to 1 ml with buffer and frozen. On the following day
the L2lted hosmogenates were used to inoculate one Samsun and one Java
secdling each per original Xanthi necrotic lesIon, using a glass spatula
and carborundum. In this rmaner all Xanthi necroses of the two compara-
tive groups were isolatf.,i, totalling 60 in the "96 minute nitrite group"

(labeled vith nuibers 1-60) and 65 in the diluted controls with 0.19
,./u. (nu bers 61-101, 101a, 102-124).

_,2 results of this test are _u mL-arlzed ia tabc 4 and Figs. 6 and 7.

In co.,trast tu the ur~forly groing contro3', t'r.ul in the case of
itri"t-i:.cu ated 1VL. is entirely different qaalitativey a wel' as

itiively: in this group, 20 of 60 single focos tranfcr have
faild, in tae contro' only 1 among 65; of the 40 infectionF frL7i
necrotic leions of V.: rtrite group, only 'I cannot be diffe.7-.iatcd
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f.-Oc4 the controlo by t-.eir zy,)tomo.

Tihse results rcnained uncaanged after a second transplantation
wich was conducted 21-3 weeks latur froju discased plants o' . ---- n and
J ,va tobacco onto young saazun zou~lings. The syLtows noted after this

second trwinfcr .,are idantical to those of th.e Sausun plants of the
fir-t tr noplant. $iaoan seedlin- inoculated with viruz materiol from
J .va plants devoloped the 0",e symp.toms a3 those of thu corrazponiinm
r rllcl inoculation from Sa.In p.lants. This proves thIt the

Lwffb us' be ascribed not to physiologi eI!,- caused
variability of the host plants, but to genetically fixed, now charactor-
istic3 of the virus. --- Thz nitation rate for the necrotizing character

ot to 15% (of. table 2) u.der the conditions of this incubation.
I.Q general incidcnca of .utantz provos to be mucha higher upon evalu- -

ation of a ra ,mum number of :honotymes (phacne), as was done in this
cx-.erimnt. it is possible that a more precise examination may prove
t.hat RX. incubatod i ith nitrite for 96 minutes undrkr these conditions
no lo4-er contains any material that still maintains the uraltered

enctic rciaractor of the starting , terial.

Table 1. 'Effect of incubation of vulgare T,., not necrotizin- Java
tobacco on the necrotizing ability of thio virus.

Conccntration in tha inc,"b- te: 4.4 nmg virus/ml; ph during incuba-
tion: 4.1; nitrite concentration in the incubate = 1 nolar; dilution

aftcr 1, 2, 3 and 4 hours wth m/15 phosphate buffer pH 7.0 to 0.44 rZ
virus/;l, then dialysed against the usLe buffer and inoculated on Java
tobacco leavCs.

T,.N concentration ist test 2. tot
Group in the inoculuz necro3es/leaf on necroses/leaf on

(lO-6 / Xa thi Java Xanthi Java

incubatcd with 1 hr 40 55€ 345 277 1:3
NaN0 2 at pH 4.1 2 hrs 440 167 53 37.5 25.2

3 hrs 440 2 1 8.21 8.4
4 hrs 4.0 0.36 0.29 - -

on-trat cd 4.h 409 1.9 257 1.4

dilution control 0.44 163 0.5 56 0.63
0.044 26.3 0.16 8.6 0.13
0.0044 2.08 0.045 0.6 not

tc:;tcd
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2 Ic x t c 1 -92 ; -,I't'. copcli~ o z-ath c L u.ic ~ r 'i .to 1o I.

'ov~iol X-ith J4;o.- 1c,.a Java nccmscs' X I'
cort~ton of I Icot c ..oc'So total P..

~~~- C' I' o~Lt~o 1- U 2~ tC r'cr leaf

i91 72.'-~ lS3"-k 1.4 0.77
i9 472.~~~ 130: 2.5

8 4.52.4

io59.3 97 5.4 5.6I
3211 36.,. 6 6.6 1,0.5

19? 64 10.4 21.41 -.1 9.(1
19 96* 2.72 350.54 15.5

K)19 0 :5137.5 0.29 0.21
-.9 0 1.2 41.7 0.13 03
0.019 0 0.28 0.75 0 0

!a -1 1-is -rouo a tw-ta1 of 60 X-.nthi nocrorcs wore counted. Th.ey yiclded
t-ho ztarting -teelal for the inoculative experiment described in tablo 4.

.. tnS depicteCd in Fig. 6 ozi;n.Ated in this group.

I In shi r up total I ,f 65 ~Ati ncrotic unNi wore ooufteu. The CY

yielded the strtngntcmae for t-, controls of the inoculative,
cxocr mrnt of tablo 4 and 'he czatrole dopizted in part in Fi.7.

*~ Y- to dtcrrn~tc.~Of (i.e. th-e inact-ivation cairve), the me~nI
waL a%-..n from theze valuc5 thozec of the firzet control (19 x 10-6

an to ar -3s UUtilZO 'L. the 3 min~ute val1ue.

6



~bl 3. u;j mtncouz; f~c~~rc r, c rc ic
onJva tobacco V.ith th. 61Qtd byt. ntvtoi"bnno

acvulZ;.re TJVL, for uniLnpaircd T.YV and its isolatcd i .

i~st Prparation Concentration Jnva ~ iocYtto
o f oir Th or YIN& no cro c~j le son s ratc
in 10- 6 gla 4, C:1')- Po,; :.Cf

. ',L.V1 u'.; ri-,, rI t Ld 0.26 so 0.15 0.187
~x; Q1-r~-A.~vu-Laro .1.0I1i. 0.2 0.1.0

;.-.n -.- th nitrito 0.7 013 4.6 5.65

2 -,.V vuL_,ara, incubted 20
-ianirt 0.7 40.7 1.35 33

culbatcd 20 mn vithi itzritc 20.0 54 2.12 3.93

Tablo 4. S~.'of the typcz dcxiatinG from "on-troated startins
f-tiliound in vui.,are i .ncub atc, in ntrite after te~tirng on L3ansu

SJava tohaczco (tcst di-t4 sco table

Pcct .n . L'.cated w/nitrite :Ior.-treated
~XAf~'~ v1~,re MV ig. 9' minl dilution control

±~6 Zants 6 g ~/~. 0.19 x1 -6

fald- 20 17 1.3
izol.bi.y =I~.atcred virus - 7 12 64

UAar to vu2.~are, ti.L
' ~ P ~ i~fcant de-

f'or-ition of leavoci c 5 2 0 0
witha distinct

.vxnatio d 7500
s'rainzi 2 0 0 0

ctypoca - 3 6 0 0
'~.;~u t tpos h 2. 2 0 0

-~-~'n 'vith Gtron, (to
cr)dclorzatjon of

c-ve 3 2 0 0
LjitA -rcw, m.osaic Ltrains - 4 1 0 0

Lt L2 0 0C
bf 3

h ~i~yinfections only:-
c o-i1 4 Q 0

b) l;-.Loroti;inz 1 2 0 0
c) ::-17cIhl-orotIzi.-nm 0 0

nr r 'liir.i ert' C, C)
-, ~..15

a r.z1e foc-us irnoculatiorns cdono 60 60 65 65 D.7.



~5 t '10i 4;

* .:~'m fowid on L::~zun tobacco does not necessarily produce
tho ~ yr~oro Java tow.cco. Thi is trvc cipcially of wv.xLk

i-i~ :Zd-ucti4on of Lz,7,ia in t):,rt up to ccantcr rib. Such zuvoro injurlic. I
L,;como fully c L dnt ozr.'Y 2-3 os tc irX ti.

0 i6 3 _ 96 (Lir)

0.

I -

Dua-o :3f i.Li,'Jo vd2 o ssvth nitIt

.- Ltvcta to da'a fromu table2;frtssih
to-acco o----o, on ~2ztitobacco x-----x. The tir. reqcuircd

..'inc'ctvation to 371v Yc!43 t-Q "recduced tim~e



TXV vulgare;MIA,pH 4.5; mn 8.5 ri
." " ;RA,pH 4.8; 1" 18 min

" " ";intact virus,pH 4.2;I1=23min

, . 0 T, V spontaneous mutant B11;
(2A,pH 4.8; 18.5 in

,,- CO .. . . : . - : . -.... .. ...... .. . . . .. .. ... . . ................

- '3" ' . " / I t

20i
/:c,' \ . , •. ..

"" ": 630 ---- ...- - . _________I

-4 -H

"4"' ; " p loaf " t
h, o' l0 ,.- represonte by t q itd i __ 4

. ,I, ,j

-.o,. 'S, o IL"-- . ,t' -.,..

0 L3

/-4 .4-". U
v 3. 2 3 4 5 6 7

Fig. 4. Relation between the absolut number of necrotizing
a.ltants noted per loaf and the "ration of the influenco of nitrite,

th latter represented by the quotient "duration Qf treatmnt : reduced
ti ".- " (cf. Fig. 3 for determination of a s).

9 I
z. I

C-'I_________ ____ ___

.. 4... I '. "O0 sonaeu a~iBl

... . ., ,'/r.-" A; p7 4.8

" ' R...... 4.8

0 3. 2 3 4 5 _. .

?i.,. 5- Rclation of the fraction of necrotizing typos among thc tota.

Cf all iat'cctiveic foa on Java Lobacco (necrotic ,t chiorotic lesions, cC.

Jig.1 b, - ,'mutation rato") to the duration of treatircnt with nitrite in

co'z~zction with 2 strains of T V. Sections of abscissa same as in Fig. 4.
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a-.63-3O .,--an e lpa fo incuba-

ofZu:,-_zyOf;--Uantsoba.ied ir 4
c2:AzLwI a in t.l 2 arJ : 2c , 623 and 6206. e- ) zc~c:1~

cn &zsu,-1 45; b' atyPical C in;'C form Ni 53; c) s1i~ar 0o
2._,_,, Lu wi thcUt. diz-tinct dicf3r;.atiLon cf leaf -i 20 d) ati.:uL

vc~..n t,_.'i .L8; c) Vitn incrcasaci aefo--ztj~on, --- .lAtcr 0-LL 2C&n

of thc a s far aj thei c.zntcr rib, Xi_ 10; f') atypica;l sirgle :;:N i
~) a~kI train _i 54'; h) attcnuat%;d strain .'i 19.

FiZ 7 a-h-I cled exa1cs of cxtrem.3 variabi t7 vwin n-
;doc ~th non-t;,.Latd L.i.io:uLitions fromn nacrotic losjone of :n.~

tobacco l.e .;cs. Sam.-r~axy and co)azticon %dth P.itrita-treatcd suo 'LLblo
S.rnd Fi.6, i::t.data table 2 ar-I tcN-6 pp. 623 and. 626.--
acontrol 63, b) control 101, c) control 109, d) control 75, e) control

11, f') c.ftrol 85., 0-) control 71, b) control 61.

.iordc..' to demionstrate tu -g ncsis of mutants in vitro, conditicns
1;~: cozzun-'r 1.,nicha srn eo occurs in the: n=.Dc r of rnccrot-ic

L~c~cc . zc d by t hQ zutant s on Java tobacco. Chdng,? to this Incrcac,

.. brof nutants multiplies; 20 timer over teoriginal au in an
w e,;:cre the infectivity ha:; dec%;cse by only one half. TIhis pzciud-

Ze01 etive procezoses. ' or vay the rise be attribuited to a higher de;ree oL
proQbzbility of the Lnutarts' assert~ivcness, due to dilution or inactivation,

zs £rcc- icntly noted ('-unz 1957 a). Torefora the mutants were induccd
bj t t~rL. rith nitrite.

:r, ths cas~ of cc-acl rcprcEsntation of alt.ered bases, i.e. after
%2otical inactifvation, e.g. to, 1/0, the1 oercentajo Of raltants &.OnZ the

ir~fcctous c'raileS irs the f,:,.-£c icolatcd fA reatod with nitnitc,
'r V :.: 7w_ with it_,-t,-, Lnd for .- ~subso.,acrtly isolated fx'oz it.
bhctnc Lta6".i: effe ct do,-.- not afFect the uxotcin and hao no connec-

tion %with ag-,rugational unerconzra, -w'ih are entirely diffcrerit for "'
Tr 21 t'UVLore chemical chang~es of~ X; must be involved here.

_~ita±tiV e aalsi nictc htth hnge of a sirgle nucleotideI

i:.th cai~ f 64'DO suffices; to c-vo!e a zrutation. Nuz.erous, probably
.issof rn L~coUd.S load to inutantz uron alteration. Genetlc

c,. L-nation~ib de aho;,,-d that a utitude of different, Zenetica'lly
pn~ra . -otyoesz bnatcnr;; apcarv~d &s a result of treatment irth

it'eyindic;et.~ h chalca2. alterati-on
~~~~~~~1 .I D~t' ~d ontts t £iL~~t tne rcaovzal ofI(ad t o o rit~,i ;

: ro;Ii thne v:l -u3 not. fo1o-:cd by ac,.-v Z,; -, z.he mutational.
s i_' ntancoazi rate of =utation iLn tho d ire ;Lon of thve

to~~"a r ;'a-Vtcc

C. 5- .rco or aa-l

3),r.-.:o1y 0,'ueou ociin lcIaio



_', rt a: na i Z:ao- nzn of
:., th-. Z.i cJU .cCO ralr

cA bycc:n:.' W Lh h

' .- no

Y -- ally..~~.d&Xr~b

t.~~~.cL ofJL~f% t.1 c:ai2

1,3 .. 0~ tf titc;d bas::, an aaa. 1

C" 1 1 c. -. arn ia o i- cuvo oft

C5 5 £ .c.

o: f *, c ~ ~' o reveal that c..io ca -0~ of an
0 L3 a,1 ..n. nz'r.a a s ezo ic .Aca -Iv tro

0.ahyltre vruz In the o :cZ

a.~ ~ L s .... ,.tco smr~at oz aeCtZ

~ o ~.± c-o Ct~C. :.: cd the orra lation teaweon unie

o nutn iuscna: Theys Laz on. tand pc~t.Ve on- an L
cfaonozr. L; c :. anztaticto "tonaatc, r.ichat , a.to

tv-LaGcS. pafo.icr :zan., ouch as Zp.)'OliZIcl.JtiS, ~cn th.at
.c viv u. vi ruz gia "ra~reszive mutatior." could
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